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Predict a speech (or audio) signal 
(e.g., s(n)) to produce a predicted 
speech signal (e.g., ps(n)) 



6055 



Combine the predicted speech signal 
(e.g., ps(n)) with the speech signal 
(e.g., s(n)) to produce a first residual 
signal (e.g., d(n)J 



Combine the first residual signal (e.g., 
d(n)) with a first noise feedback signal 
(e.g., fqs(n)) to produce a predictive 
quantizer input signal (e.g., v(n)) 
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Predictively quantize the predictive quantizer input 
signal (e.g., v(n)) to produce a predictive quantizer 
output signal (e.g., vq(n)) associated with a 
predictive quantization noise (e.g., qs(n)) 



Filter the predictive quantization (e.g., 
qs(n)) to produce the first noise 
feedback signal (e.g., fqs(n)) 
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Predict the predictive quantizer input signal (e.g., v(n)) to produce 
a first predicted predictive quantizer input signal (e.g., pv(n)) 



6070 



In all embodiments: Combine the predictive quantizer input signal (e.g., 
(vn)) with at least the first predicted predictive quantizer input signal (e.g., 
pv(n)) to produce a quantizer input signal (e.g., u(n)). 

In the embodiments including an inner noise feedback loop: Further 
combine a second noise feedback signal (e.g., fq(n)) with the predictive 
quantizer input signal (e.g., v(n)) and the first predicted predictive quantizer 
input signal (e.g., pv(n)), to produce the quantizer input signal (e.g., u(n)). 



Quantize the quantizer input signal (e.g., u(n)) to 
produce a quantizer output signal (e.g., uq(n)) 
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In embodiments including the inner noise feedback 
loop: Filter a quantization noise (e.g., (q(n)) associated 
with the quantizer output signal (e.g., q(n)) to produce 
the second noise feedback signal (fq(n)) 
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Derive the predictive quantizer output 

signal (e.g., vq(n)) based on the 
quantizer output signal (e.g., uq(n)) 
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FIG. 6B 



0003-56.vsd/24 



o 
o 



CD 

c 
c 

CO 

u 
o 

G 

CO 
CD 



Q_ 

o 



to 

CD 



CD 
X 

m .J- 
E 



o 

CM 



CL 
CL 



CL 
CL 



O 



cr 



in 

00 



o 

CO 



o © *g 
_j ^ 2 

CL 



0 



P O oO O 

-v 15 S£L y 

§ £ 2 | 



CO CO 
Q_ CT 



ID 




> 

Q_ 
CL 



_ o 

m CD CO »- 

V <2 S £ 

0)0-0 = 

C C CD — 

O CD 



o £ 



0 



0 



o 



^-0 



CO 

cr 



CD 



IT) 
If) 



O 
If) 



O 

Eco 

CD "O i_ 

r J) o 
c 



CL 



if) "O 



c 

CO 



^-0n 



£ (D ofl O 

© ~ .2 'co 

V O CO N 

a. co g. 



CO 



co 



— CO 



o 



2 

CL 



o 

LL 
CO 

o 

CD 
TD 
O 
O 

J* 

o 

CS 
_Q 
"O 

CD 

^a> 

CD 

co 

"o 

c 

CD 

a) 

■2 
co 
■ 

o 



CD 

■ 

CO 
CD 

c 

CC 

o 

CD 
"O 

o 
o 
c 
UJ 

cd 
:5 

LL 



> 

CO 

in 

CO 

o 
o 



CL C 
CO 



3 

o 



cr 



o 



o 

CO 













o 


hort 


erm 


predict 


CO 







E 5 0 - 

v E o 
a) -o Jo ° 

O >r <5 "O 

j Q- a 









CD 




X 




CD 




Q_ 




demulti 



CL 
Q- 



Q_ 
CO 



1 CD 



O) 
U- 

v- 

a> 
*o 
o 
o 
c 

0) 

O 

LL 

z 

CO 



c 

c 
o 

CL 
CO 

a 

o 
o 

1 — 

<D 
"O 

o 
o 

CD 

Q 

oo 

CD 

i5 

LL 



CO 

> 



CO 

o 
o 
o 



LO 



CL 
CO 



CD 



vert 


SP 


c 


— 1 ' 


o 


o 


O 














<5 


CL 




■ CO 


C 


-J 


CO 








cr 






i 


r 



t 0) 




■1 fo 




» O CL ' 


! ClCO 


■ i— 

! © 




i -•— • 
l _c 









00 



o 



o 

o. 
o 

-Q 

o 



CM 

O 



o ^ i2 
o c 

CD "o 

> -o ~ 

C O) ^ 

O © 

O CL O 



CD 



^ CO 



T 



s 


cz 




o 


5 


*co 
c 


TJ 


03 


C 


CL 


CO 


X 


CQ 


CD 





c 




o 


5 


\n 
c 


-o 


CO 


c 


CL 


CO 


X 


CD 


CD 



CO 



o .E .2 

(D U (D 



CM 



(D , 



O) 



'2 o ^ E 



5 „ x o 
"2 15 J9 
5 o t: 

Q- O 



CO 



O 
O 



c 
o 

To 

N 



CO 

cr 

"O 

c 
CO 

CO 

"co 

CO 

c 
03 

CD 

> 

CD 
i_ 

CL 

E 
i 

n 
o 

C/5 
a> 
9> 

CD 



L 



co 

cd 
in 

CO 

o 
o 
o 



CD 
CD 



CD 


ect 


Q_ 


cd 


CO 








c 


o 


_J 


o 


LU 


o 







CL 
CO 




CD 
O 

o 

CD 
a N 
"■+-* 
C 
05 

CT 
Q- 



CD 



J 



> 

CD 
If) 
CO 
O 

o 
o 



Q_ 
CL 



O 
C\J 



o> .2 _ £ - 
B o> o 
V Q- io 

£ u to 



CO 
CM 



•a 



m 

CM 



CL 
O 



t CL 

o cm E 2 

© o CO 

Q CO 



CM 
CM 



CO 

CO o N 

CO ^ i 

• CD O 

5 ±s o 



CM 



-a E ,<2 

® m CO . 

2 v 5 S 

o) -c ~ £= 

- o c - 



CD 



CO 



CL 



2 — £ 
•o Q- as 
8 £ 10 

CD *q_ 
CO 



CD 
CM 



CL 
CL- 



o 

T3 m N 

Q-iS § 
b_ 



1l 



Q_ 

a. 







o 

CD 
O 

o 

O 



CT 



00 
CM 



CO 

O 
O 
_Q 

O 
r- 



m 

CD 



o 

CD 



c 
g 

=3 CD 73 
-2 S-*CO 
CO CD 



CD 



O 
CO 

O 




r- *- ° 



in 

CD 

o 
o 
X} 
o 



o 
c\J 

o 
o 

c 
o 

N 



03 

a - 

"O 

c 

CO 
CO 
CO 

CO 

c 

CO 
CD 

> 
"o 

ID 
CD 

CL 

E 
^> 

0) 
O) 

cz 
o 



2 
:5 

Ll. 



J 



1350 

/ 



Q START ) 



1 


r 


Predict a speech signal s(n) to derive 
a residual signal d(n) 


y 


r 


Derive N VQ input vectors u(n) each corresponding 
to one of N VQ error vectors, based on the residual 
signal d(n) and a corresponding one of N VQ 
codevectors 


y 


f 


Derive N VQ error energy values each 
corresponding to one of the N VQ error 
vectors q(n) 




f 


Select a preferred one of the N VQ 
codevectors as a VQ output vector uq(n) 
corresponding to the residual signal d(n), 
based on the N VQ error energy values 




f 
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1354 



1358 



1360 



( END ) 



FIG. 13B 
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1364 



1 


r 


Combine each of the N VQ input vectors u(n) (from 
step 1354 in Fig. 13B) with the corresponding one 
of the N VQ code vectors (also from step 1354) to 
produce the N VQ error vectors q(n) 




r 


Filter at least a portion of each 
of the N VQ error vectors q(n) to 
produce N noise feedback vectors fq(n), 
each corresponding to one 
of the N VQ codevectors 


y 


r 


Separately combine each of the 
N noise feedback vectors fq(n) with 
the residual signal d(n) to produce 
the N VQ input vectors u(n) 


y 


r 
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FIG. 13D 
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1370 

/ 



START ^ 



Separately combine the residual 
signal d(n) (from step 1352 of FIG. 13B) with each of 
the N noise feedback vectors fqs(n) to produce 
N predictive quantizer input vectors v(n) 



Predict each of the N predictive quantizer 
input vectors v(n) to produce N predicted, 
predictive quantizer input vectors pv(n) 



Combine each of the N predictive 
quantizer input vectors v(n) with 

a corresponding one of the 
N predicted, predictive quantizer 
input vectors pv(n), to produce the 
N VQ input vectors u(n) 



Combine each of the N predicted, 
predictive quantizer input vectors pv(n) 
with corresponding ones of the N VQ 
codevectors, to produce N predictive 

quantizer output vectors vq(n) 
corresponding to N VQ error vectors 
qs(n) 



Separately filter each of the N VQ error 
vectors qs(n) to produce the N noise 
feedback vectors fqs(n) 
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1380 



END ^ 



FIG. 13E 



0101~41.vsd/4 



CO 



O 

o 



CVJ 

5-s 




o 

5 s 



N 

cr 



cnj 
o 



Q_ 

6 

01 



o 2 



CD 
O 
CO 



0) o o 
O CO 

O 



o 
o 



i— O 

O CO 

fc o 

LU 



N 

Or 



o 



CD 
w 

O 

C/) 

(D 



XT 



LU 0) 

6 8 2 



< 



O 

LL. 



-2 o 

P _J 



C/) 



1430 



Q START J 



y 


f 


Predict a speech signal s(n) 
to derive a residual signal d(n) 


y 


j 


Derive a ZERO-INPUT response 
error vector qzi(n) common to 
each of N VQ codevectors 


y 


r 


Derive N ZERO-STATE response error 
vectors qzs(n) each based on a corresponding 
one of the N VQ codevectors 


} 


f 


Select a preferred one of the N VQ codevectors 
as a VQ output vector uq(n) corresponding 

to the residual signal d(n) based on the 
ZERO-INPUT response error vector qzi(n) 
and the N ZERO-STATE response error vectors 

qzs(n) 
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Q START ^ 



Derive an intermediate vector vzi(n) 
based on the residual signal d(n) 



1452 



Predict the intermediate vector vzi(n) 
to produce a predicted intermediate 
vector vqzi(n) 



1454 



Combine the intermediate vector vzi(n) 
with the predicted intermediate vector vqzi(n) 
and a noise feedback vector fqzi(n) to produce 
the ZERO-INPUT response error vector qzi(n) 




f 


Filter the ZERO-INPUT response error vector 
qzi(n) to produce the noise feedback vector fqzi(n) 




f 
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END ^ 
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Q START ^) 



Combine a residual signal d(n) with 
a noise feedback signal fqszi(n) to produce 
an intermediate vector vzi(n) 



1472 



Predict the intermediate vector vzi(n) 
to produce a predicted intermediate vector vqzi(n) 



1474 



Combine the intermediate vector vzi(n) 
with the predicted intermediate vector vqzi(n) 
to produce an error vector qszi(n) 



1476 



Filter the error vector qszi(n) to produce 
the noise feedback vector fqszi(n) 
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END ^) 
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Q START ^ 





f 


Filter an error vector qszs(n) associated 
with each of the N VQ codevectors 
to produce a ZERO-STATE input 
vector vzs(n) corresponding to each 
of the N VQ codevectors 






Separately combine each ZERO-STATE 
input vector vzs(n) produced by the filter 
with the corresponding one of the N VQ 
codevectors, to produce the N ZERO-STATE 
response error vectors qzs(n) 




f 
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START ^ 



Combine each of the N VQ codevectors 
with a corresponding one of N filtered, 
ZERO-STATE response error vectors vzs(n) 
to produce the N ZERO-STATE 
response error vectors qzs(n) 



1622 



Separately filter each of the N ZERO-STATE 
response error vectors qzs(n) to produce the 
N filtered, ZERO-STATE response error vectors 

vzs(n) 
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Q START ^ 



Receive a speech signal comprising a sequence of 
speech vectors, each of the speech vectors including 
a plurality of speech samples 



1702 



Derive a gain value based on the speech 
signal once every M speech vectors, 
where M is greater than one 



1704 



Derive/update filter parameters based on 
the speech signal once every T speech 
vectors 



1706 



J 

Derive the N ZERO-STATE response error 
vectors qzs(n) only once every T and/or M speech 
vectors (i.e., when the filter parameters and/or gain 

values are updated), whereby a same set of N 
ZERO-STATE response error vectors qzs(n) is used 
in selecting T and/or M preferred codevectors 
corresponding to the T and/or M speech vectors. 



Q END ^ 
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Derive a sequence of residual signals d(n) 
corresponding to a sequence of input speech 
training signals s(n) 



Quantize each of the residual signals d(n) 
into a corresponding preferred codevector 
selected from an initial set of N codevectors, 
to produce a sequence of preferred codevectors 
corresponding to the sequence of residual 
signals d(n) 



Derive a total quantization error energy D 

for one of the N codevectors based on 
a quantization error associated with each 
occurrence of the one of the N codevectors 
in the sequence of preferred codevectors 



Continuously repeat steps 1810 - 1825 using 
each updated set of N codevectors as the initial 
set of N codevectors in each next pass through 
steps 1810 - 1825, until a final set of N 
codevectors is derived 
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1810 



1815 
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f 


Update the one of the N codevectors to 
minimize the total quantization error energy D 




f 


Repeat steps 1815 and 1820 for each of the 
codevectors in the set of N codevectors, to 
update each of the N codevectors so as to 
produce an updated set of N codevectors 




f 
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